Aim: To develop an HPLC method to quantify midazolam in a new oral formulation for pediatric use. Methods: The stability of the new formulation was evaluated at different storage conditions and a preliminary assay of relative bioavailability was carried out in healthy volunteers. Results: The method of quantification was linear in the range of 5 to 60 µg·mL -1 . The midazolam amount in the formulation remained stable for 90 days at 4 and 40˚C (in the dark) while at 25˚C was stable only for 14 days (exposed to light). Discussion: The relative bioavailability assay suggests that our preparation of midazolam in white chocolate reaches plasma levels similar to those induced by the apple juice formulation. Conclusion: This new white chocolate formulation masks the unpleasing flavour and has a more attractive presentation to the paediatric patient, which may be useful for children sedation and to ease its management by health carers.
Introduction
Drug prescription to pediatric patients is a serious problem in several circumstances: most medicines have been assayed and approved for adult use only; also, a great variety of drugs are neither available in an adequate paediatric formulation or in an appropriate dosage forms for children [1, 2] . In our country, drugs as captopril, furosemide, omeprazole, prednisone, midazolam and recently sildenafil, are prescribed to children, even though the pediatric pharmaceutical presentations are not available [3] .
Midazolam is a drug commonly prescribed to children, and it is a short-acting benzodiazepine employed for sedation and for induction of anaesthesia, due to its sedative, amnesic and anxiolytic effects [4] . This compound is available in 7.5 mg tablets and in 5, 15 and 50 mg midazolam hydrochloride injections.
In recent years in our institution, about 40% of the patients submitted to ambulatory surgical procedures were administered with midazolam orally (I.V. solution) in apple juice; however, the use of such formulation has the disadvantage of having a sour and displeasing flavour and occasionally it is rejected by some patients. Some studies shown the use of different combinations of midazolam I.V. solutions with different sweeteners such as glucose syrup, fruit juice or gelatine, to mask the displeasing flavour [5] [6] [7] ; these formulations contain 0.25 mg·Kg -1 and up to 1 mg·Kg -1 doses. It has been reported that 0.5 mg·Kg -1 given orally has been the safest and more effective pre anaesthetic dose, and higher doses could induce adverse effects without offering further beneficial sedation [8] .
The aims of the present work were to prepare a midazolam oral formulation using cocoa butter base (white chocolate) and to develop and validate an analytical method to quantify the drug in the formulation. The midazolam formulation was prepared to obtain a solid presentation and easy to swallow by pediatric patients; and also, safe, effective, with good taste and attractive for the paediatric population.
The analytical method to assay midazolam concentrations in white chocolate is exposed here; stability of the new formulation in different storage conditions for up to 90 days is included. A preliminary assay of relative bioavailability of the new formulation versus the administration in apple juice is described.
Material and Methods

Reagents
All reagents were analytical or HPLC grade. Midazolam, acetylsalicylic acid and potassium dihydrogen phosphate were purchased from Sigma (MO, USA), acetonitrile from Caledon (Ontario, Canada) and methanol from Merck (Darmstad, Germany). Primary standards as acetaminophen, dextromethorphan, metronidazole, naproxen, propafenone, propranolol, ranitidine, sulfamethoxazole, trimethoprim and verapamil were from ICN Biomedicals Inc. (OH, USA). Captopril, ketorolac, meloxicam and piroxicam were USP grade. Midazolam hydrochloride injection Relacum ® (PiSA, Mexico City) was used to perform the new formulation, for being the trademark currently used in our institution.
Chromatographic Conditions
A Waters HPLC system (Milford, MA, USA) consisted of autosampler (model 717), UV-detector (model 2487) and pump (model 515). Separation was performed on a column Varian Pursuit ® C18 (150 × 3.9 mm, 5 µm) at room temperature. The mobile phase was an isocratic mix of 35 mM potassium phosphate buffer (pH = 4.4) and acetonitrile (70:30 v/v) with flow rate of 1 mL·min -1 ; compounds were detected at 220 nm. Data were recorded and processed using the Millennium ver 32.0 software (Waters Inc).
Preparation of Midazolam Oral Formulation
The formulation was prepared using a 5 mg·mL -1 midazolam solution (Relacum ® ). We selected cocoa butter as vehicle to make the oral formulation; cocoa butter is used to prepare a candy with great approval into the Mexican pediatric population: white chocolate. This product contains at least 20% cocoa butter, about 14% of total milk solids, not less than 3.5% milk fat, and not more than 55% carbohydrate sweeteners [9] . Midazolam I.V. solution was added to prepare white chocolate bars containing 6 mg midazolam (amount of drug given as premedication in our institution). The process of manufacturing and the recipe for this formulation is not described herein, since the patent is under arrangements. The register of the patent belongs to the National Institute of Pediatrics.
Midazolam Extraction from Chocolate (Cocoa Butter) Matrix
To one gram of thoroughly sliced white chocolate, 3 mL of methanol was added and put in a 15 mL centrifuge tube, then mixed by vortex (2 min), sonicated (5 min) and centrifuged at 3000 rpm (10 min). The pellet underwent a second extraction procedure, by adding 3 mL of methanol and performing the steps as described. The final volume (~6 mL) was adjusted to 5 mL by evaporating it under controlled air stream. 200 µL of methanolic solution were mixed with 50 µL of external standard and then 50 µL were injected into the HPLC system.
Validation Procedures
This work is based on the Mexican Official Guidelines to perform the stability of drugs [10] , and on the bioequivalence guidelines [11] . The method of midazolam quantification in white chocolate was validated according to the guidelines [11] . Calibration curves were constructed by plotting the peak-area ratios of drug to that of the standard against known concentrations; data were fitted by linear regression analysis. The curve concentration points of midazolam were 5, 10, 20, 30, 40 and 60 µg·mL -1 . Propranolol (100 µg·mL -1 ) was added as external standard. 200 µL of each curve solution were mixed with 50 µL of standard, and then 50 µL were injected to the system.
For the intra-day accuracy, three control concentrations (15, 25 and 50 µg·mL -1 ) were analyzed by quintuplicate; to perform the inter-day variability the same concentrations were analyzed by triplicate for three consecutive days. Values with coefficient of variation (CV) lower than 15% were accepted.
Absolute recovery was determined as the percentage of drug obtained by methanol extraction compared to the drug dissolved in methanol (analysis by triplicate). The limit of detection (LOD) was considered as the smallest amount that could be reliably discernible from the background noise (ratio signal/noise ≥ 3.0), whereas the limit of quantification (LOQ) was considered as the lowest concentration in the calibration curve injected and analyzed in five independent sets, only if the mean value is in the range of ±20% of the nominal concentration and its CV was lower than 20%.
The long-term stability of midazolam into chocolate bar was assayed at different conditions: at room temperature (25˚C) without light protection, and also in darkness at 4˚C (in refrigerator) and at 40˚C (in oven). The amount of midazolam in samples stored at 25 ºC was quantified at 0, 6 and 24 hours and also for 7, 14, 30, 60 and 90 days, the samples stored at 4 and 40˚C were analyzed at 0, 3, 7, 14, 30, 60 and 90 days. Stability of extracted samples and then stored at -20˚C for 24 and 48 hours was assayed, the effect of three freeze-thaw cycles was determined; these assays were performed with 1 g of white chocolate bars containing the midazolam control concentrations.
Selectivity was assessed with drugs that can be administered concomitantly to pediatric patients: acetaminoCopyright © 2012 SciRes. AJAC C. F. PÉREZ ET AL. 554 phen, acetylsalicylic acid, captopril, ketorolac, metronidazole, nimesulide, ranitidine, sulfametoxazole and trimethoprim. All were prepared at 100 µg·mL -1 .
Bioavailability Assay
A preliminary assay was carried out to compare the relative bioavailability of midazolam in white chocolate versus in apple juice. Two healthy adults (33 years old and 68 Kg mean weight), were included in a crossed assay, which was conducted in accordance to ethical guidelines. None medication was administered to the volunteers for at least one week before and during the study. For the assay, volunteers were catheterised at 7 a.m., blood samples (5 mL) were obtained at 0, 0.5, 1, 1.5, 2, 4 and 6 hours after drug administration. In first phase, single oral 6-mg doses of midazolam (Relacum ® ) in apple juice (10 mL final volume) were administered. In each sampling time, heart rate (HR) and blood pressure were recorded, and then, the mean arterial pressure (MAP) was calculated; sedative midazolam effect was estimated through an analogue percentage scale [12] . Fourteen days were left to clarify any remaining drug. In second phase, single oral 6-mg doses of midazolam into a 12 g white chocolate bar were administered to each subject, then blood sample collection, vital signs and sedation were recorded as described previously. The research protocol was approved by the Research Ethics Committee of this institution and an informed consent was obtained from each volunteer.
To quantify the midazolam plasma levels, the Juřica et al., method was slightly modified [13] . Pharmacokinetic parameters were calculated according to a non-compartmental model (Winnonlin ver 2.1 software, Pharsight Co.). Midazolam relative bioavailability was determined by comparing the area under the curve (AUC) of both formulations.
Results
Midazolam Extraction
Lipids have extensively been used to mask the bad aftertaste produced by a number of drugs, the bitterness of those such as gabapentin and acetaminophen is inhibited by mixing them with soy bean/glyceril monoesterate and stearyl stereate, respectively [14] . Another lipidic matrix, cocoa butter has been used as vehicle for suppository manufacturing [15] , chewable tablets [16, 17] , and recently has been proposed as lubricant for coprocessing in tablets [18] . In the present work we assayed a midazolam oral formulation in white chocolate; this product contains at least 20% (w/w) of cacao butter and 3.5% (w/w) of milk fat, sugar (55%) and flavours [9] .
Due to the presence of cacao butter and milk fat in the oral formulation, the drug extraction process was complicated because the fat interferes with the HPLC quantification. For this reason, different solvents were tested: acetonitrile, diethyl ether, hexane, methanol, toluene and hexane/dichloromethane (70:30 v/v). Results about sample recovery and purity demonstrated that more hydrophobic solvents, ether, hexane and toluene, were as effective as the less hydrophobic ones (methanol and acetonitrile); however, methanol and acetonitrile yielded a cleaner sample (minimal amount of recovered fat). Taking account the cost-savings and commercial availability, methanol was selected as extraction solvent.
Method Validation
Retention times of midazolam and standard were 9.18 and 4.18 minutes, respectively (Figure 1, peaks 10 y 11) . Calibration curves of midazolam were constructed with methanolic solutions and in chocolate matrix, in both conditions the peak areas versus midazolam concentrations were linear within the range of 5 to 60 µg·mL -1 ; also, a good linear correlation was found, with r values of 0.9992 and 0.9991, respectively (Figure 2) .
For both calibration curves, similar LOQ and LOD values were found; LOQ was found at 5 µg·mL -1 and LOD at 500 ng·mL -1 . Absolute recovery of midazolam was 110.3%, 94.8% and 99.1% for the midazolam control concentrations, respectively. Results about the accuracy and deviation in the intra-and inter-day assays are depicted in Table 1 ; in both assays, the CV were lower than 5% and variations to the nominal value were lower than ±3.5%. Samples extracted with methanol and stored at -20˚C were stable for 48 hours, with variations to the nominal value of ±7% and CV ≤ 5%; also, the compound remained stable after three freeze-thaw cycles with values of 14.97 ± 0.46, 24.30 ± 1.17 and 48.26 ± 1.80 µg·mL -1 for each control concentration, respectively.
Midazolam oral formulation stored at room temperature and exposed to light was stable for 14 days; after this time, a severe concentration reduction was observed in each control concentration ( Table 2) . Under refrigeration and darkness, drug remained without changes for up to 90 days, having deviations lower than ±7% (>90% of initial concentration) and CV lower than 8% (Table 3) . Similarly, the formulation stored at 40˚C and in darkness was stable during a 90-day period ( Table 4) . None of the tested drugs in the method selectivity interfered with the peaks of midazolam or external standard (Figure 1) . 
Relative Bioavailability Assay
Pharmacokinetic parameters of both formulations were estimated from volunteers' plasma profiles using the Winnonlin software ( Table 5) . Although this preliminary assay included only two subjects, no appreciable differences in area under the curve (AUC) and peak plasma concentration (Cmax) were found between them ( Figure  3) . No differences in the onset of peak plasma concentration (Tmax), volume of distribution (Vd) and clearance (C L ), were observed in both formulations. Relative bioavailability, obtained from the ratio between the AUC's of chocolate and apple juice, was 92.17%, which suggests that both formulations share the same bioavailability; this leads to carry out a bioavailability assay with an adequate number of subjects to validate the bioequivalence of the white chocolate formulation.
All the parameters were computed using the Winnonlin ver 2.1 software with a non-compartmental model; F = Apparent bioavailability obtained from (AUC chocolate/AUC juice)*100.
Physiological Variables Assessment
Mean arterial pressure (MAP) values obtained at the beginning of the assay were different between both subjects (96.3 and 83.0 mm Hg, respectively), however, these values fluctuated uniformly throughout the study, regardless of subject or type of formulation (data not shown). MAP decreased about 20 mm Hg within the first 30 to 60 minutes, which corresponds to the onset of the sedative effect, and then it rose to roughly the starting value obtained before the drug was administered.
Similar heart rate profiles were observed with both formulations, these values rose at the interval between 30 and 60 minutes, at 2 hours after drug administration the HR reached the minimal recorded values, and at 6 hours the HR returned to the initial values (data not shown).
The onset of the sedative effect in subject 2 was observed at 30 min after taking the drug orally, whereas subject 1 showed the onset 30 minutes later. However, the maximum sedative effect lasted 30 minutes, regardless of subject or formulation (data not shown).
Discussion
We developed a new oral formulation which was stable under the conditions assayed for up to 90 days; however, it is not stable at room temperature and exposed to light (clear wrap), which allows us to propose a light-protecting wrap for this new formulation and storage at 4˚C.
The preliminary bioavailability assay showed pharmacokinetic parameters compared to those reported by other authors [19, 20] , and although we understand that is necessary to carry out a further study including a greater amount of subjects, our results increased our interest in developing an alternative oral pediatric formulation, since its preliminary bioavailability is nearly the same to that of the apple juice formulation (AUC variation about of 8%). Also we consider including a double blind study and a placebo group for both formulations for the performance of the final bioavailability study in healthy volunteers.
Cmax, Tmax and AUC values were similar to those reported by Schwagmaeier et al. [21] , who studied midazolam pharmacokinetics in healthy volunteers, taking it also orally and under experimental conditions similar to ours. However, although our pharmacokinetic results are not different from others, it is only a preliminary study to evaluate the clinical performance of our HPLC method and a small approach about the bioavailability of the chocolate formulation.
Our results suggest that the midazolam formulation in white chocolate reaches the same plasma levels and induces physiological effects as the midazolam formulation in apple juice, but it improves the taste by diminishing the unpleasing flavour and having a more attractive presentation to the pediatric patient, easing its administration by professional health carers.
